In 2016, an estimated 224 390 patients were diagnosed with non--small cell lung cancer (NSCLC) in the United States, with 16% of these patients diagnosed with localized disease ([@pkx003-B1]). With increased use of low-dose computed tomography (CT) screening for lung cancer, the incidence of stage I disease is expected to rise ([@pkx003-B2]).

Management of stage I lung cancer has evolved over the past decade. Lobectomy has been considered the standard treatment, with five-year local control rates of greater than 90% and overall survival greater than 70% ([@pkx003-B3],[@pkx003-B4]). However, because the majority of lung cancers are smoking related with a median age at diagnosis of 70 years, many patients may not be ideal candidates for aggressive surgery ([@pkx003-B5]). Less aggressive treatment options include wedge resections or conventional external beam radiotherapy, but published outcomes are comparably worse than lobectomy. In a randomized trial conducted by the Lung Cancer Study Group that compared lobectomy vs sublobar resection, the local failure rate was statistically significantly higher with sublobar resection (0.06 per person/year vs 0.02 for lobectomy, *P* = .008) ([@pkx003-B6]). Long-term outcomes after conventional external beam radiotherapy have been similarly disappointing, with local control rates of 32% to 76% ([@pkx003-B7]).

Stereotactic body radiotherapy (SBRT) is a technology that has been developed more recently that delivers highly precise radiation treatment. Used for stage I lung cancer, SBRT delivers a high dose of treatment each day for a total of one to five treatments, which contrasts with conventional external beam radiotherapy, which delivers a protracted course of treatment, usually over six to seven weeks. Prospective and retrospective studies have consistently reported that SBRT for stage I NSCLC results in long-term local control rates greater than 90% ([@pkx003-B8]), providing a promising alternative for patients who are not candidates for lobectomy or who wish to avoid surgery. However, SBRT adoption requires that each facility acquire the necessary equipment and expertise, and its uptake across the United States is unknown. In addition, many dose and fractionation regimens for SBRT have been studied in the published literature, and it is unknown what regimens are actually used in routine practice.

Therefore, the purpose of this study is to describe patterns of care across the United States in the treatment of stage IA NSCLC in a contemporary nationwide cohort of patients and to examine factors associated with SBRT use. We chose to study stage IA patients specifically because the tumor size (≤3 cm) may be most suitable for SBRT. We also describe common dose and fractionation regimens used for SBRT in these patients.

Methods
=======

The National Cancer Data Base (NCDB) is the largest cancer registry in the United States and contains approximately 70% of cancer patients nationwide. The database is jointly maintained by the American College of Surgeons and the American Cancer Society. The NCDB contains patient-level demographic information including age, sex, race, and insurance status as well as census-level household income. Additional data include Charlson-Deyo comorbidity score, TNM stage, and details of first course of treatment. Radiotherapy total dose and number of fractions are included. Treatment facility is classified as academic, comprehensive community (standalone center, \>500 cancer cases per year), community (standalone center, 100--500 cancer cases per year), and integrated network (integrated multifacility cancer network). Use of NCDB data for this study was granted through an institutional review board waiver.

The primary objective of this study was to describe patterns of care for stage IA NSCLC. Patients diagnosed with clinical stage IA NSCLC (cT1N0M0) between 2008 and 2013 formed the basis for the patient cohort. The year 2008 was chosen based on the publication of several large US phase II studies reporting patient outcomes after SBRT ([@pkx003-B11]). Inclusion of only stage IA tumors was chosen because stage IB can include tumors up to 7 cm in size, which may be too large for optimal treatment with SBRT. Patients were excluded if they had missing information on clinical stage or treatment.

Patients were classified as receiving SBRT if they received radiation as first course of treatment, the radiation was targeted at the chest or lungs, and the radiation modality was coded as stereotactic radiation; further, patients who met these criteria but for whom fractionation data indicated they received 10 treatments or more were classified as having received conventional external beam radiotherapy. We performed sensitivity analysis whereby only up to five fractions were allowed for definition of SBRT, and this changed the patterns of care results minimally. All patients who were treated with external beam radiation as the first course of treatment who did not meet the above criteria were coded as receiving conventional external beam radiation. Patients who had surgery as their first course of treatment were further categorized as having received ablation, surgery less than a lobectomy, or lobectomy/pneumonectomy (combined because of the small number of pneumonectomies).

Statistical Analysis
--------------------

Descriptive statistics were used to report the proportions of patients who received each treatment type by year. We also examined the uptake of SBRT over time by different types of cancer facilities ranging from community centers to academic programs. A multivariable log-binomial model was created to examine factors associated with receipt of SBRT. Finally, we describe the most commonly used radiation dose and fractionation regimens for SBRT. All statistics were performed using Stata/IC 13.1 (StataCorp LP, College Station, TX), and a two-sided *P* value of less than .05 was used for statistical significance.

Results
=======

The median age of the patient cohort was 71 years, 56.1% were women, and 89.1% were white ([Table 1](#pkx003-T1){ref-type="table"}). More than half of patients were treated at community or comprehensive community cancer centers. Table 1.Patient characteristicsNo. (%)Age, median (range)71 (18--90)Year 200815 066 (13.6) 200917 260 (15.6) 201018 442 (16.6) 201119 189 (17.3) 201220 102 (18.1) 201320 876 (18.8)Race White98 181 (89.1) Black9261 (8.4) Other2688 (2.5)Sex Male48 709 (43.9) Female62 226 (56.1)Charlson-Deyo Comorbidity Score 058 057 (52.3) 136 387 (32.8) 216 491 (14.9)Insurance status Insured107 921 (98.6) Uninsured/unknown1577 (1.4)Income (census tract) Quartile 1 (0--25, lowest)19 777 (18.0) Quartile 2 (25--50)26 841 (24.4) Quartile 3 (50--75)29 547 (26.9) Quartile 4 (75--100, highest)33 681 (30.7)Region Northeast24 251 (21.9) South42 125 (38.0) Midwest30 155 (27.2) West14 346 (12.9)Treatment facility type Academic facility39 822 (36.1) Comprehensive community cancer program53 919 (48.8) Community cancer program8728 (7.9) Integrated network cancer program7923 (7.2)

Use of SBRT steadily increased from 6.7% to 16.3% from 2008 to 2013, with a corresponding decrease in lobectomy/pneumonectomy from 49.5% to 43.7% ([Figure 1](#pkx003-F1){ref-type="fig"}). The rates of wedge resection, conventional external beam radiotherapy, ablation, and no treatment remained relatively constant over time.

![Treatment patterns for stage IA non--small cell lung cancer between 2008 and 2013. EBRT = external beam radiation therapy; NSCLC = non--small cell lung cancer; SBRT = stereotactic body radiotherapy.](pkx003f1){#pkx003-F1}

While SBRT uptake increased over time in all types of cancer centers ([Figure 2](#pkx003-F2){ref-type="fig"}), there was a dramatic difference in its use by type of center. By 2013, 19.3% of patients treated in integrated network cancer programs received SBRT, but only 8.6% of patients treated in community centers (defined as small centers with 100--500 total cancer cases per year) received SBRT.

![Uptake of stereotactic body radiotherapy in different facility types. SBRT = stereotactic body radiotherapy.](pkx003f2){#pkx003-F2}

Multivariable analysis ([Table 2](#pkx003-T2){ref-type="table"}) showed similar findings. Compared with smaller community programs, adoption of SBRT was higher at comprehensive community (adjusted relative risk \[aRR\] = 2.40, 95% confidence interval \[CI\] = 2.17 to 2.66), academic (aRR = 3.34, 95% CI = 3.02 to 3.70), and integrated networks (aRR = 3.44, 95% CI = 3.07 to 3.84). Older patient age was directly associated with increased use (per five years, aRR = 1.28, 95% CI = 1.27 to 1.29). There was also significant statistically variation in SBRT use by geographic region. Black race and higher comorbidity score were associated with lower SBRT receipt. Table 2.Multivariable log binomial model for receipt of stereotactic body radiotherapy\*UnadjustedAdjustedPatients treated with SBRT No./total (%)RR (95% CI)*P*Age (per 5 y)1.28 (1.27 to 1.29)\<.001Year 20081009/15 066 (6.7)RefRef 20091536/17 260 (8.9)1.32 (1.22 to 1.43)\<.001 20102047/18 442 (11.1)1.61 (1.49 to 1.74)\<.001 20112514/19 189 (13.1)1.94 (1.81 to 2.09)\<.001 20123015/20 102 (15.0)2.19 (2.04 to 2.36)\<.001 20133403/20 876 (16.3)2.41 (2.25 to 2.59)\<.001Race White10 898/98 181 (11.1)RefRef Black9167/9261 (9.9)0.91 (0.86 to 0.97).006 Other161/2688 (6.0)0.57 (0.49 to 0.66)\<.001Sex Male5407/48 709 (11.1)RefRef Female6720/62 226 (10.8)0.99 (0.96 to 1.02).35Charlson-Deyo Comorbidity Score 07141/58 057 (12.3)RefRef 13155/36 387 (8.7)0.72 (0.69 to 0.75)\<.001 21837/16 491 (11.1)0.87 (0.83 to 0.91)\<.001Insurance status Insured11 871/107 921 (11.0)RefRef Uninsured96/1577 (6.1)0.92 (0.76 to 1.11).36Income (census tract) Quartile 1 (0--25, lowest)2211/19 777 (11.2)RefRef Quartile 2 (25--50)3079/26 841 (11.5)0.97 (0.91 to 1.03).28 Quartile 3 (50--75)3315/29 547 (11.2)0.90 (0.85 to 0.95)\<.001 Quartile 4 (75--100, highest)3526/33 681 (10.5)0.81 (0.76 to 0.85)\<.001Region Northeast2221/24 251 (9.2)RefRef South4630/42 125 (11)1.29 (1.23 to 1.36)\<.001 Midwest3893/30 155 (12.9)1.48 (1.41 to 1.55)\<.001 West1429/14 346 (10.0)1.15 (1.08 to 1.22)\<.001Treatment facility type Community cancer program1669/39 822 (4.2)RefRef Academic facility7004/53 919 (13.0)3.34 (3.02 to 3.70)\<.001 Comprehensive community cancer program878/8728 (10.0)2.40 (2.17 to 2.66)\<.001 Integrated network cancer program1153/7923 (14.6)3.44 (3.07 to 3.84)\<.001[^1]

The most common SBRT dose/fractionation regimens were 10 Gy × 5 (used in 19% of SBRT patients), 18/20 Gy × 3 (31%), and 12 Gy × 4 (16%) ([Table 3](#pkx003-T3){ref-type="table"}). Single fraction radiosurgery of 30 Gy or higher was used in 0.4% of patients. Table 3.Commonly used SBRT dose/fractionation schemes for stage IA non--small cell lung cancer\*Dose and fractions% of SBRT patients10 Gy × 519.112 Gy × 56.411 Gy × 52.412 Gy × 416.012.5 Gy × 45.918 Gy × 314.320 Gy × 316.2Single fraction ≥ 30 Gy0.4Other19.3[^2]

Discussion
==========

SBRT is a highly effective and minimally invasive treatment option for patients with stage I NSCLC. Its development has offered another attractive treatment option for patients with this disease. To our knowledge, this is the first study to examine the adoption of SBRT for stage IA NSCLC across the United States. Using the National Cancer Data Base, which includes approximately 70% of all incident cancers in the United States, we found a modest increase in the use of SBRT from 2008 to 2013 (6.7% to 16.3%). There are several findings of interest that warrant further discussion.

First, the increase in SBRT corresponded to an also modest decrease in lobectomy and pneumonectomy over time. In multivariable analysis, we found that higher patient age was associated with increased use of SBRT. These results suggest a possible trend for less aggressive treatment of stage IA NSCLC, especially for older patients. One possible explanation for our findings is a decreased use of lobectomy being replaced by the less aggressive wedge resection and a simultaneous replacement of wedge resection by SBRT---especially in borderline surgical candidates. However, lobectomy remains the most commonly used treatment by far, suggesting that many physicians continue to view surgery as a superior option to SBRT. Unfortunately, while multiple single-arm phase I and II trials have consistently demonstrated very high rates of long-term cancer control after SBRT, several international attempts at randomized trials comparing SBRT with surgical options have failed due to poor accrual (STARS trial \[NCT00840749\], ROSEL trial \[NCT00687986\], ACOSOG Z4099 trial \[NCT01336894\]). It is possible that some physicians may be reluctant to offer SBRT as a primary treatment option due to lack of randomized data compared with surgery, but this is the same type of physician reluctance that likely resulted in the failure of these randomized trial efforts.

We also observed relatively stable rates of conventional external beam RT and no treatment. By 2013, more than 20% of patients with stage IA NSCLC continued to receive care, which is less than optimal. According to the National Comprehensive Cancer Network guidelines, conventionally fractionated or hypofractionated are "less preferred alternatives" for institutions without SBRT availability ([@pkx003-B14]). Conventionally fractionated radiotherapy results in relatively poor local control rates for early-stage lung cancer. A meta-analysis published in 2001 reported local control from 18 studies ranging from 32% to 76% ([@pkx003-B7]). More recent reports of modestly hypofractionated radiotherapy have reported more promising local control rates of greater than 70%, but this remains lower than the local control reported with SBRT or surgery ([@pkx003-B15]). As lung cancer screening becomes more widely adopted ([@pkx003-B2]), more patients will be diagnosed with lung cancers at an early and most curable stage. Further efforts are needed to better understand the reasons for the relatively muted adoption of SBRT and the related observation of a persistently high proportion of patients receiving non-guideline-recommended care.

A barrier to wider adoption may be the equipment and expertise necessary for radiation oncology centers to provide SBRT. We found that SBRT adoption was slowest in smaller community centers, which is consistent with this hypothesis related to resource limitations. Prior studies in other cancers have similarly found slower adoption of SBRT in prostate cancer in smaller community cancer centers ([@pkx003-B18]). However, because SBRT is a short-course treatment usually involving a total of three to five fractions, centers that do not offer SBRT may be able to refer some patients for treatments at facilities that do offer this technology.

We found that a variety of dose-fractionation regimens were used for lung SBRT. This is not surprising because published studies have used varied dosing schemes, and there is an overall lack of data comparing the efficacy across different regimens. Several ongoing or recently closed trials are comparing different treatment regimens, and results are awaited (RTOG 0813 \[NCT00750269\], RTOG 0915 \[NCT00960999\], Alberta Health 20131\[NCT00351962\]). In our study, the use of single-fraction SBRT was minimal (\<1%), and this is appropriate given the relative immaturity of the data regarding this compared with regimens using three to five fractions ([@pkx003-B19]).

This study has potential limitations. The NCDB does not contain information regarding tumor location; therefore, it was not possible to perform data analysis stratified by patients with central vs peripheral tumors. It is acknowledged that central tumor location is a relative contraindication to SBRT. However, we found almost no replacement of the proportions of patients receiving conventional external beam radiotherapy or no treatment with SBRT from 2008 to 2013 overall, suggesting that central tumor location is unlikely to be the only factor limiting SBRT adoption across the United States. An additional limitation is the lack of information on the frequency of treatment, so assessment of the use of daily vs nondaily regimens could not be performed. Further, Charlson-Deyo comorbidity score may not have fully captured patients' overall health status and surgical candidacy. This is one possible explanation for our finding that patients living in more affluent areas were less likely to receive SBRT; patients may be healthier overall in these areas and therefore more likely to undergo surgery. Finally, we do not know why patients of "other race" were less likely to receive SBRT.

In conclusion, we found that SBRT adoption in the United States has been modest and has not significantly clinically reduced the proportions of patients who received no treatment or conventional radiotherapy for stage IA NSCLC. Barriers to adoption of this newer treatment option may relate to the resources required for SBRT and lack of randomized trial data. Efforts are needed to address these barriers so that more patients can have access to this minimally invasive and highly effective treatment modality.

[^1]: All adjusted estimates are adjusted for all of the other variables listed in the table. CI = confidence interval; RR = relative risk; SBRT = stereotactic body radiotherapy.

[^2]: Gy = Gray; SBRT = stereotactic body radiotherapy.
